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ABSTRACT 
USING MAXIMUM POWER AS A VARIABLE FOR 1RM PREDICTION IN THE 
SQUAT AND BENCH PRESS 
SEAN O’CONNOR 
2019 
  Many Strength and Conditioning (S&C) coaches utilize a one-rep max (1RM) 
exercise test to gauge the maximal strength of athletes, and then prescribe resistance 
training programs based on a relative percentage of 1RM to obtain strength or power 
adaptations. However, many S&C coaches have raised questions regarding the safety and 
necessity of a 1RM test. Attempts to mitigate the weaknesses of 1RM testing have led to 
other methods of testing including repetition max testing (3RM, 5RM, 10RM, etc.) as 
well as load/velocity profiling. The main purpose of this study is to determine if 1RM can 
be accurately estimated from maximal power outputs at submaximal loads. 
  This study consisted of 28 Division I athletes (male=18, female=10). Subjects 
were tested for 1RM in the squat (S) and bench press (BP) exercises and followed up 
with maximal power testing at a range of submaximal loads. Power outputs and velocities 
were measured using a Tendo® Power Analyzer V-316 electronic device.  
Significant correlations were found between average power (AP) and 1RM for 
both males and females in both exercises. Percent 1RM (%1RM) intensities had stronger 
correlations to actual 1RM (r=0.93, 0.92, 0.91, 0.88) than percent bodyweight (%BW) 
intensities (r=0.90, 0.87, 0.86, 0.73). However, %BW intensities still possessed adequate 
correlations to use in the model to predict 1RM with good accuracy. 
viii 
 
The results from this study indicate that 1RM’s can be accurately predicted from 
AP measures at submaximal intensities. This method of estimating 1RM may be optimal 
for athlete safety and most practical for use by S&C coaches.
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Chapter 1 
Introduction 
Currently there are several methods used by Strength and Conditioning (S&C) 
coaches to measure maximum muscular strength, however there may be more efficient 
ways of predicting maximum strength that can benefit both the athlete and the S&C 
coach. Resistance training programs are developed for athletes based on a prescription 
that relies on relative intensities of a maximal effort. The intensities are based on 
measuring the maximal force a muscle can generate during a single maximal effort, 
usually referred to as a one-repetition max (1RM) or one-lift max (1LM). S&C coaches 
prescribe relative intensities from the 1RM to develop strength or power adaptations. 
Although performing a 1RM is the most accurate method of measuring strength, it has 
shortcomings: 1) a 1RM attempt may pose a higher risk of injury and 2) a 1RM attempt 
requires a significant amount of time for the athletes to prepare for and recover from the 
attempt 10. 
S&C coaches have searched for other options to estimate or predict maximal 
strength including 3RM, 5RM, 10RM, and load/velocity profiling 3,4,8,11,12,15,17 in order to 
minimize the shortcomings. However, each of these methods have limitations as well. A 
repetition max still involves the athlete performing until failure. As the athlete 
approaches failure, technique begins to break down which may increase their risk of 
injury. S&C coaches have also criticized this method for having over-estimated 1RM’s. 
The severe limitation in performing a load/velocity profile is that each individual would 
require their own linear regression equation which is not practical for S&C coaches in a 
team setting. This is why we want to study the relationship between power outputs and 
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1RM. The measurement of power output permits the use of submaximal loading since 
max power is obtained at lower intensities with minimal repetitions. This is advantageous 
towards safely and efficiently implementing this testing protocol. The main purpose of 
this study is to determine if power outputs measured at submaximal intensities in the 
squat (S) and bench press (BP) exercises can be used to predict 1RM. If completed 
successfully, this research may result in an effective method for S&C coaches to maintain 
the accuracy of 1RM predictions while enhancing the feasibility and safety of the 
strength testing protocol. 
Our first specific aim is to determine if predication equations could be developed 
to calculate 1RM efforts from the measurement of power outputs at submaximal 
resistances. We hypothesize that average power (AP) will be the variable used in the 
model to predict 1RM 8,12. We also hypothesize that the equations will be different for 
males and females 13,19. 
The second aim of the study is to determine the optimal load at which maximum 
power occurs in the S and BP of collegiate athletes. Based upon previous research 
1,2,5,13,18,19, we hypothesize that the optimal load for determining max power in the S will 
be between 50-65% 1RM or 30-90% bodyweight (BW) and the optimal load for 
determining maximum power in the BP will be between 40-60% 1RM or 20-60% BW. In 
order to test this hypothesis, the subjects will be tested for a 1RM in the S and BP. They 
will follow up with testing for max power outputs at a range of submaximal percentages 
of 1RM and BW. 
Benefits of this study will provide S&C coaches with: 1) a method of testing that 
may result in reduced injury occurrence, 2) the ability to maintain accurate 1RM’s to 
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allow for appropriate future load prescriptions, 3) time efficient implementation, 4) 
improved athlete recovery from the testing 10, 5) the ability to track and monitor changes 
in power outputs during a given training cycle. If successful, appropriate next steps will 
be to utilize this formula to obtain 1RM estimates and to use those estimates when 
prescribing loading percentages aimed at improving power production. 
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Chapter 2 
Review of Literature 
Table 1. Summary of studies. 
Study Subjects, n Objective Protocol Results Outcomes/Conclusions 
Baker et. al. 
(2010) 
31 rugby professional 
and semi-professional 
athletes 
To determine if 
any differences 
occur in power 
output with various 
loading intensities 
of a BP throw 
exercise 
Subjects tested for 1RM 
on BP. Followed by 
testing of Pmax on BP 
Throws at 40, 50, 60, 70, 
and 80kg absolute loads 
Pmax occurred at mean 
load of 70.1kg 
representing 54.9% 1RM 
BP. Pmax output was 
significantly different 
from 40, 50, 60, and 
80kg loads but not 70kg 
Loads close to 55% 1RM in 
the BP Throw may be 
optimal when training for 
maximal power output 
Bosquet et. al. 
(2010) 
27 PE students and 
teachers of varying 
training histories 
Assess validity and 
accuracy of a 
commercial linear 
encoder to estimate 
BP 1RM from FV 
relationship 
Subjects tested for 1RM 
BP followed by FV 
testing beginning at 10kg 
and ascending 5kg per 
trial until power 
measures decreased 
Mean 1RM (61.8kg) was 
highly correlated (r=.93) 
but largely different from 
the software estimated 
mean 1RM (56.4kg) 
1RM estimations from FV 
relationship is useful for 
tracking training adaptations 
but not accurate enough to 
prescribe training intensities 
Conceição et. 
al. (2016) 
National/International 
competitive track & field 
jumpers and sprinters 
(n=15) 
To investigate the 
relationship 
between velocity 
and load for lower 
body resistance 
exercises (full 
squat, half squat, 
leg press) 
Cross sectional design: 3 
sessions, Began exercise 
testing at low intensities 
and incrementally added 
10% 1RM load for each 
trial until a 1RM was 
reached 
A strong relationship 
between Vmax, MPV, 
and %1RM existed for 
all 3 exercises 
Measuring movement 
velocity can provide an 
accurate 1RM estimate 
Cormie et. al. 
(2007) 
26 recreationally trained 
males 
Compare power 
training and 
strength-power 
training on the 
load-power 
relationship in the 
jump squat 
Power group trained 
jump squats at optimal 
power output load. 
Strength-power group 
performed jump squats 
along with 3x3 back 
squats at 90% 1RM 
Power group had 
significant improvements 
in PP and JH at BM and 
lighter loads. Strength-
power group had 
significant improvements 
in PP and JH across all 
loads 
Mixed strength-power 
training was as effective as 
power training at improving 
max PP and JH, and more 
effective at producing 
improvements at higher 
resistances in the load-power 
relationship 
Cormie et. al. 
(2007) 
12 division I male 
athletes 
To determine 
which loading 
intensity 
maximizes power 
output in the JS, S, 
and PC 
1RM testing in JS, S, 
and PC followed by 
power testing at 
submaximal loading 
intervals 
JS optimal load: 0% 
1RM 
S optimal load: 56% 
1RM 
PC optimal load: 80% 
1RM 
The optimal load for max 
power output occurs at 
different %’s of 1RM in the 
JS, S, and PC 
Garcia-Ramos 
et. al. (2017) 
30 collegiate men with at 
least 2 years of 
resistance training 
experience 
To determine 
which velocity 
measurement is the 
strongest predictor 
for relative load 
A full load-velocity 
relationship was 
measured by the subjects 
performing Bench Press 
Throws exercise on a 
Smith Machine 
Mean Velocity showed 
the strongest linearity 
(r2=.989 and .993). 
Followed by MPV 
(r2=.983 and .980) then 
peak velocity (r2=.974 
and .969). Mean velocity 
also was the most 
accurate at predicting 
relative load (SEE=3.8-
4.76%1RM) 
Mean Velocity could be the 
optimal variable to monitor 
relative load in BPT exercise 
on a Smith Machine 
Jidovsteff et. 
al. (2012) 
Meta-analysis (subjects 
not stated) 
To investigate the 
ability of the load-
velocity 
relationship to 
predict 1RM in 
different exercises 
and with different 
assessment devices 
Data from 4 studies on 5 
different strength 
exercises. Each included 
2 sessions (1RM testing 
and ascending loads 
velocity testing). Devices 
used: inertial 
dynamometer, linear 
position transducer + 
accelerometer, myotest 
accelerometer 
Avg Velocity was more 
effective than peak 
velocity when estimating 
1RM. Prediction ability 
was greatest for the 
Bench Press exercise 
Prediction ability depends on 
the complexity of the 
exercise, characteristics of the 
machine, and device of 
measurement. Using the load-
velocity relationship can be a 
relevant method for 1RM 
prediction when exercise 
allows accurate velocity 
measures 
Jidovsteff et. 
al. (2011) 
112 recreationally active 
subjects (90 male, 22 
female) from 3 previous 
studies 
To investigate the 
ability of the load-
velocity 
relationship to 
predict 1RM in the 
Bench Press 
1RM Bench Press 
assessment followed by 
velocity testing at 
submaximal ascending 
loads 
LD0 corresponded to 
116% of 1RM. Average 
Velocity at 1RM was .23 
m/s. Cumulative 
correlation between 1RM 
and LD0 for the 3 studies 
was r=.98 
Load-velocity relationship 
can be used to estimate max 
strength. Suggests this 
method is as accurate as reps 
to failure method. 
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Kendrick 
(2008) 
67 collegiate athletes 
Determine the 
optimal load to 
train for power on 
the plyo-press 
exercise 
Tested for 1RM plyo-
press along with power 
output at different 
relative loads (%1RM & 
% body mass). Power 
output was analyzed 
using the 3PQ system. 
Pmax occurred at 50% 
BM for females (peak 
power mean 41.8 
watts/kg). Pmax for 
males occurred at 75% 
BM for males (peak 
power mean 39.3 
watts/kg). Pmax at 30% 
1RM was not 
significantly different 
from 75% BM. 
Pmax occurs at a different 
intensity relative to BM for 
males and females. % BM 
can potentially be used as an 
effective substitute for 
%1RM for Pmax evaluations. 
Loturco et. al. 
(2017) 
36 male top level 
athletes in rugby and 
combat sports 
To determine the 
force-velocity 
relationship to 
predict 1RM in the 
free weight and 
Smith machine BP 
1RM BP assessment 
followed by MPV 
measures for 
submaximal ascending 
sets 
Predicted 1RM’s were 
not different from actual 
1RM’s (SM 
actual=118.1, SM 
predicted=117.4; FW 
actual=109.7, FW 
predicted=108.6).  
The linear relationship 
between MPV and %1RM 
allow determination of 
accurate training intensity 
based on bar velocity 
Loturco et. al. 
(2018) 
61 elite athletes with at 
least 5 years of 
resistance training 
experience 
To compare 
associations 
between 1RM’s 
and Pmax to 
performance 
measures 
1RM and power outputs 
were measured for Half-
Squat. Power was also 
measured in Jump-Squat. 
These values were tested 
to determine relationship 
with vertical jumps and 
sprint times. 
Sprint time correlations 
were stronger for power-
related variables (r=-.36 
to -.91) versus 1RM 
values (-.35 to -.69). 
Only power outputs were 
significantly related to 
jump height. 
Bar-power outputs were more 
strongly associated with 
sprint and jump performance. 
The bar-power measures may 
be more effective for athlete 
testing and monitoring for 
changes in actual 
performance. 
Ruf et. al. 
(2018) 
11 males with at least 1 
year of resistance 
training experience 
To examine the 
reliability and 
validity of using 
submaximal loads’ 
velocities to 
predict 1RM in the 
Deadlift 
3 different 1RM 
assessments on 3 
different days along with 
varying submaximal 
intensities tested for 
mean velocity on each 
day 
1RM predictions showed 
high reliability, however 
predicted 1RM’s 
overestimated actual 
1RM’s. 
1RM predictions based off 
mean velocity at submaximal 
loads are highly variable in 
the deadlift exercise and are 
not a replacement for actual 
1RM measures 
Siegel et. al. 
(2002) 
25 college-aged male 
volunteers with prior 
resistance training 
experience 
Evaluate the 
measurement of 
muscular power 
during resistance 
training 
Performed BP and S 
exercises at 30, 40, 50, 
60, 70, 80, 90% 1RM. 
Pmax was measured at 
each intensity. 
No significant 
relationship between 
peak power and fiber 
types. Peak power occurs 
between 50-70% 1RM 
for S and 40-60% for BP 
The evaluation of muscle 
power is reliable, but not 
predictive of fiber type 
Stone et. al. 
(2003) 
22 males with variety of 
resistance training 
experience 
Investigate 
relationship 
between 1RM and 
power output 
during squat jumps 
exercise 
Subjects divided into 
strongest and weakest 
groups based on 1RM 
Squat. 
Countermovement and 
static squat jumps were 
performed from 10-
100% 1RM Squat loads 
and power measures 
were recorded. 
Strong correlations 
(r=.77-.94) between 1RM 
Squat and both 
countermovement and 
static squat jump power 
up to 90% 1RM. Highest 
power output for both 
jumps occurred at 10% 
1RM. However, for the 
“strong” group the 
highest Pmax was at 40% 
1RM. 
In order to improve jumping 
power output, improving max 
strength should be 
emphasized. Stronger people 
express Pmax at a higher 
relative intensity. 
Wilson et. al. 
(1993) 
64 subjects with at least 
1 year experience 
resistance training and 
able to half-squat 
>Bodyweight 
To determine 
which resistance 
training method 
results in greatest 
enhancement in 
sports 
performance. 
4 groups underwent a 
10week training 
intervention using: 1) 
Traditional heavy weight 
training 2) Plyometric 
training 3) Explosive 
weight training at Pmax 
load 4) Control. Tested 
at baseline and post for 
dynamic athletic 
exercises (sprint, jump) 
The explosive weight 
training group achieved 
the best overall results in 
enhancing athletic 
performance. 
Performance gains will be 
optimized using training 
loads that maximize power 
output. 
 
* BP = bench press; 1RM = one repetition maximum; Pmax = maximum power; r = correlation coefficient; PE = physical education; FV = force velocity; Vmax = 
maximum velocity; MPV = mean propulsive velocity; PP = peak power; JH = jump height; BM = body mass; JS = jump squat; S = squat; PC = power clean; LD0 = 
load at zero velocity; SM = smith machine; FW = free weight 
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Chapter 3 
Methods 
The study consisted of 28 healthy Division I collegiate athletes; 18 males and 10 
females. The subjects participated in the following sports: Track and Field (distance 
runners), Baseball, Wrestling, Swim and Dive, and Golf. All participants had a minimum 
15 weeks of experience in a collegiate strength and conditioning program. Subject 
characteristics are provided in Table 2. Participant consent was obtained in accordance 
with the policy statements of the Human Subjects Committee at South Dakota State 
University. 
The study consisted of two testing sessions. During the first session, BW was 
recorded and 1RM was measured. Participants’ single maximum lift (1RM) in the S and 
BP exercises were measured. The 1RM is the greatest weight that can be lifted one time. 
All S testing required participants to squat to parallel (femur runs parallel to the floor) 
and keep their feet in contact with the floor at all times (no jumping permitted). All BP 
testing required participants to lightly touch the bar to the chest while keeping the glutes 
in contact with the bench. A warm-up for each exercise (S and BP) was performed with a 
self-selected load that allowed participants to easily complete a minimum of 6-10 
repetitions (~50% of their predicted 1RM). A weight was then selected based on previous 
efforts which allowed subjects to perform 3 repetitions (~80% of their predicted 1RM). 
Following a 3-minute rest, weight was added to the bar (load increments of 2.5-10kg) and 
were attempted to lift for one repetition. Heavier subsequent attempts were completed 
until the subjects could no longer lift the weight unassisted, usually 3-7 trials of 
increasing weight. 
7 
 
The second testing session was performed sometime between 48 hours and 2 
weeks after 1RM testing. The session included testing and recording of power outputs 
and bar velocities at several submaximal intensities (Table 3) for the S and BP using a 
Tendo® Power Analyzer V-316 electronic device. This device measures power output by 
programming the load into the microcomputer and then connecting the wire attachment to 
the barbell in order to measure barbell velocity during the exercise. The following 
variables were measured for in this study: Average Power, Peak Power, Average 
Velocity, and Peak Velocity. Each of these variables were recorded for every repetition 
of every set for both the S and BP exercises. The participants were instructed to 
accelerate the bar as fast as possible with each repetition during testing. The S and BP 
lifts were performed at different resistances based on a percentage of the subjects’ 
bodyweight (BW) and 1RM (Table 3). 
All subjects performed an adequate general and specific warm-up to ensure peak 
performances during testing. Subjects completed 5 minutes of a general warm-up 
(jumping jacks, bodyweight squats, bodyweight lunges, push-ups) followed by 2-3 sets of 
a specific warm-up (self-selected loads on the S and BP exercise). 
After the warm-up, subjects then performed 3 repetitions of the S and BP 
exercises at each of the following intensities (Table 3). A minimum of 2 minutes rest was 
taken in between sets to ensure full recovery. Subjects completed the testing in order 
from lightest load to heaviest load. 
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Statistics 
A one-way analysis of variance (ANOVA) was used to determine if there were 
differences between the three repetitions for the performance variables. A one-way 
ANOVA was also used to determine if measures of power and velocity were different 
among the resistances. When a significant difference was calculated for the one-way 
ANOVA’s, a Tukey HSD post-hoc test was used to locate significant differences. A 
simple linear regression was performed to determine if there was a significant 
relationship between submaximal performance variables and maximal strength measured 
as a 1RM. A two-tailed t-test was used to determine if the slope was different from zero. 
Pearson correlation coefficients (r), coefficient of determination (R2), standard error of 
estimate (SEE) were calculated to determine the strength of the prediction equation. 
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Chapter 4 
Results 
There was no difference among the three trials for all variables measured for both 
females and males and repetition two was used for all future analyses (Tables 4a, 4b, 4c, 
4d).  
The measure of AP during the BP at 20% BW and the S exercise at 30% BW was 
significantly lower than the other resistances for female athletes (Figure 1). The 
measurement of peak power during the S was significantly lower at 30% and 45% BW 
compared to the other resistances for female athletes (Figure 1). There were no 
significant differences among the resistances for both AP and peak power measured 
during the BP and S exercise for men (Figure 2). 
Significant correlations were found between a number of power and velocity 
measurements and measured 1RM (Tables 5a, 5b, 5c, 5d). The highest correlations were 
between AP and 1RM for both BP and S in females and males. Within the measurement 
of AP output, correlations between 1RM and the relative resistance calculated from the 
1RM produced the best correlations and lowest SEE.   
The resistances associated with a percentage of the individuals’ BW were not as 
strong but did produce some significant relationships (Tables 5a, 5b, 5c, 5d). The highest 
correlations with the lowest SEE between 1RM and the resistance calculated from BW 
can be seen highlighted in yellow in (Tables 5a, 5b, 5c, 5d). 
The linear regression equations used to predict 1RM were generated from the BW 
intensities with the highest correlations and lowest standard error as follows: 
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 Female S @ 60% BW: Estimated 1RM = 16 + .1984819*(AP) 
 Female BP @ 40% BW: Estimated 1RM = 5 + 0.187368*(AP) 
 Male S @ 110% BW: Estimated 1RM = 62 + 0.1180123*(AP) 
 Male BP @ 60% BW: Estimated 1RM = 21 + 0.1697443*(AP) 
The linear regression equations used to predict 1RM were generated from the 
%1RM intensities with the highest correlations and lowest standard error as follows: 
 Female S @ 50% 1RM: Estimated 1RM = 16 + 0.1918582*(AP) 
 Female BP @ 55% 1RM: Estimated 1RM = 4 + 0.1847638*(AP) 
 Male S @ 40% 1RM: Estimated 1RM = 37 + 0.1723215*(AP) 
 Male BP @ 45% 1RM: Estimated 1RM = 16 + 0.178556*(AP) 
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Chapter 5 
Discussion 
The main purpose of this study was to determine if an individual’s maximal 
strength can be predicted using power output measurements at submaximal intensities. 
The use of the 1RM test imposes some risk to the athlete and requires time to recover 10, 
impeding training programs. The ability to utilize a submaximal test to accurately predict 
a maximal effort would benefit the athlete and the S&C coach. 
The results of our study indicate the variable shown to have the strongest 
correlations (r) to 1RM is AP and not peak power for both the S and BP exercises for 
both males and females (r=0.93, 0.92, 0.91, 0.90, 0.88, 0.87, 0.86, 0.73). This finding is 
consistent with the findings from studies investigating the measurement of velocity of bar 
movement during the S and BP as a predictor for 1RM measurements. In those studies, 
the average velocity was a more effective measure than peak velocity when estimating 
1RM’s 8,15. 
Intensities tested as %1RM generally had higher correlations than the intensities 
tested as %BW for both the S and BP exercises for both men and women. This finding 
can be explained by the calculation of %1RM deriving directly from the 1RM itself 
resulting in stronger correlations versus calculations derived from BW. Although %1RM 
intensities had stronger correlations with 1RM (r=0.93, 0.92, 0.91, 0.88), %BW also 
possessed significant relationships between AP and 1RM (r=0.90, 0.87, 0.86, 0.73) and 
may subsequently be used as an accurate 1RM predictor 13. The ability to sustain 
accuracy utilizing %BW as a loading parameter may be explained by the findings of no 
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statistical differences in AP output across a wide range of loading intensities (35-65% 
1RM BP and 40-70% 1RM S). Pending adequate access to Tendo® Power Analyzer V-
316 electronic units, using AP at a %BW for 1RM prediction could be a very practical 
method of obtaining 1RM estimates. This method may be more advantageous than a 
1RM test to implement with young or relatively untrained athletes that are new to a 
strength training program. Utilizing AP at a submaximal percentage of individual body 
weight would provide S&C coaches a method to acquire baseline measures that may 
allow improved technique during exercise execution, may reduce both the risk of injury 
and the time needed to measure. This method would also allow precise future load 
prescription and provide an easy way to track training adaptations over time. 
Another aim of this study was to determine which relative intensities permitted 
the highest power outputs. While there were no statistical differences between power 
output among the intensities, training adaptations will be influenced by the intensity of 
the exercise. Training with intensities at or near the highest power outputs may be 
superior to improving sprint and jump performance versus traditional strength training 
intensities ~80-95% 1RM 16,21. However, traditional strength training may improve 
athletes’ general capacity to produce power at higher intensities 6,19. It is recommended to 
utilize both power and strength training intensities to optimize athletic performance. A 
greater emphasis on one or the other should be based upon the athletes’ resistance 
training experience, current strength levels, and sport requirements 20. 
Another finding in this study was that average and peak power outputs were 
similar between repetitions 1, 2, and 3 during testing. This suggests that for S&C 
13 
 
coaches, power can be trained optimally for the S and BP exercises for at least 3 
repetitions per set before there is a decline in muscular power production from fatigue. 
The traditional model of testing 1RM only provides a measurement of muscular 
strength. The method proposed in this study utilizes the measurement of power output. 
Previous research has indicated that bar power outputs have stronger correlations to sprint 
and jump performance versus 1RM’s 16. This could indicate that improvements in power 
production may generate more meaningful changes in athletic performance versus 
improvements in 1RM. Monitoring changes in power production could be of use to S&C 
coaches to evaluate the outcomes of their training programs. 
Other methods that have attempted to predict 1RM include a repetition max test 
(10RM, 5RM, 3RM, etc.) as well as load/velocity profiles 3,4,8,11,12,15,17. A large weakness 
of the repetition max test is that it still involves the lifter performing to muscular failure. 
Performing to failure is typically accompanied by a breakdown in technique and a heavy 
reliance on exercise spotters to help recover the attempt safely. This could potentially 
present an increased risk of injury. Additionally, this method has also been criticized by 
S&C coaches for overestimations of the true 1RM. The load/velocity profile method has 
been shown to estimate individual 1RM with a high degree of precision 4,8,11,12,15 however 
it is much less practical in a group strength and conditioning setting.  
The results from this study indicate that 1RM’s can be accurately predicted from 
AP measures at submaximal intensities of either %1RM or %BW. Utilizing %BW as the 
loading parameter for this testing method would satisfy the main objective of this study 
which is to avoid the requirement of 1RM testing in the strength and conditioning 
program. This method of testing could be a useful way for S&C coaches to gauge the 
14 
 
strength of an athlete without subjecting them to the risk of maximal loads. In addition, 
this method of estimating 1RM may be optimal and most practical for use by S&C 
coaches because: 1) it would be very time efficient and easy to implement in a group 
setting, 2) there would be less training stress applied, leading to better recovery for 
subsequent training sessions 10, 3) they would be able to track and monitor changes in 
power production. Future recommendations would be to use this method to obtain 1RM 
estimates, then follow up with periodic testing to maintain up-to-date load prescriptions 
as well as monitor changes in power production. 
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Figure 1a. Female Average and Peak Power outputs in the S and BP. * indicates 
significant difference in power outputs from the other tested intensities. 1RM = one rep 
max; BW = bodyweight. 
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Figure 1b. Male Average and Peak Power outputs in the S and BP. 1RM = one rep max; 
BW = bodyweight. 
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Table 2. Subject Characteristics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Male (n=18) Female (n=10) 
Age 19.9 ± 0.94 20.0 ± 1.18 
Weight (kg) 86.4 ± 16.57 63.6 ± 7.10 
Squat 1RM (kg) 141.1 ± 35.78 80.0 ± 13.96 
Bench Press 1RM (kg) 96.5 ± 23.48 49.9 ± 11.83 
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Table 3. Intensities used in the study methods 
Males Females 
Squat Bench Press Squat Bench Press 
40% 1RM 
50% 1RM 
60% 1RM 
70% 1RM 
70% BW 
90% BW 
110% BW 
35% 1RM 
45% 1RM 
55% 1RM 
65% 1RM 
50% BW 
60% BW 
70% BW 
40% 1RM 
50% 1RM 
60% 1RM 
70% 1RM 
30% BW 
45% BW 
60% BW 
35% 1RM 
45% 1RM 
55% 1RM 
65% 1RM 
20% BW 
30% BW 
40% BW 
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Table 4a. Female S variable means, standard deviations, and P values amongst the three 
trials/repetitions. 
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Table 4b. Female BP variable means, standard deviations, and P values amongst the 
three trials/repetitions. 
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Table 4c. Male S variable means, standard deviations, and P values amongst the three 
trials/repetitions. 
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Table 4d. Male BP variable means, standard deviations, and P values amongst the three 
trials/repetitions. 
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Table 5a. Correlations between variables and 1RM in the S for females. 
 
Values highlighted in yellow represent the highest correlation and lowest SEE of the 
%BW resistances. Values in red represent the highest correlation and lowest SEE of the 
%1RM resistances. 
AP = average power; AV = average velocity; PP = peak power; PV = peak velocity; r = 
Pearson correlation coefficient; R^2 = coefficient of determination; SEE = standard error 
of estimate; Prob>[t] = two-tailed t-test results 
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Table 5b. Correlations between variables and 1RM in the BP for females. 
 
Values highlighted in yellow represent the highest correlation and lowest SEE of the 
%BW resistances. Values in red represent the highest correlation and lowest SEE of the 
%1RM resistances. 
AP = average power; AV = average velocity; PP = peak power; PV = peak velocity; r = 
Pearson correlation coefficient; R^2 = coefficient of determination; SEE = standard error 
of estimate; Prob>[t] = two-tailed t-test results 
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Table 5c. Correlations between variables and 1RM in the S for males.  
 
Values highlighted in yellow represent the highest correlation and lowest SEE of the 
%BW resistances. Values in red represent the highest correlation and lowest SEE of the 
%1RM resistances. 
AP = average power; AV = average velocity; PP = peak power; PV = peak velocity; r = 
Pearson correlation coefficient; R^2 = coefficient of determination; SEE = standard error 
of estimate; Prob>[t] = two-tailed t-test results 
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Table 5d. Correlations between variables and 1RM in the BP for males.  
 
Values highlighted in yellow represent the highest correlation and lowest SEE of the 
%BW resistances. Values in red represent the highest correlation and lowest SEE of the 
%1RM resistances. 
AP = average power; AV = average velocity; PP = peak power; PV = peak velocity; r = 
Pearson correlation coefficient; R^2 = coefficient of determination; SEE = standard error 
of estimate; Prob>[t] = two-tailed t-test results 
 
